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Abstract 
Rheological characteristics of different magnetic viscoelastic fluids (MVFs) are investigated and their lubrication performances 
in a cone-plate magnetic coupling are examined in the present work. The test MVFs have been shown a non-Newtonian fluid 
behavior. Imposing magnetic field to MVFs is found to be able to change their viscosities, and this change depends on the mass 
ratio of the magnetic fluid in MVFs. The first normal stress difference that MVFs act on the magnetic cone of rheometer 
decreases with increase of the magnetic field, and it becomes negative at low shear speed. The lubrication experiment in the 
present produced cone-plate magnetic coupling shows that adding a small amount of the magnetic fluids into the viscoelastic 
liquid improves the lubrication in the magnetic coupling. All test MVFs perform well in the range of the rotating speed from 
750rpm to 1500rpm. 
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1. Introduction  
 
Viscoelastic fluids as lubrication oils have been a lot of applications in industry in the past and nowadays [1]. 
However, few applications and studies of magnetic viscoelastic fluids (MVFs) were found in engineering and 
academics in the past. In this article, we present a study of the MVFs as the lubrication oil in a magnetic coupling. 
The magnetic coupling is a device transferring force or torque between a pair of independently, concurrently 
rotating magnets across a solid barrier [2]. Usually, the magnets in the coupling are required to keep a safe distance 
to the barrier to avoid harmful abrasion. However, due to vibration of the system where the magnetic coupling is 
applied, the safe gap between the magnet and the barrier is difficult to be kept in trade offing the system size as 
compact as possible and the effectiveness of transferring motion or torque. Therefore proper lubrication of couplings 
is necessary and critical to keep the system compact and maximize the life of coupling components [2]. In the 
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present study, the rheological characteristics of MVFs as the lubrication oil under the different magnetic field are 
first investigated experimentally and theoretically, and then their performances in a cone-plate magnetic coupling 
are examined.  
 
2. Rheological experiment of MVFs 
 
2.1 The Test Fluids 
 
The test MVFs used in the present study are made by mixing a viscoelastic liquid and a magnetic fluid at 
different mass ratios. The magnetic fluid is a water-base ferric oxide (Fe2O3) fluid (W-40), and the viscoelastic 
liquid is a polyacrylamide solution (AA-300P) with concentration 7500ppm (PAA7500). In this experiment, six 
kinds of MVFs are produced and tested in order to investigate their rheological characteristics, and they are denoted 
as following in terms of mass ratios of the W-40 and the PAA7500. 
 
2.2 Experiment Setup  
 
The rheological measurement device used in the present study is a magnetic-field±imposed-type cone-plate 
rheometer made by our laboratory. Fig. 1 shows the schematic view of the magnetic-field-imposed-type cone-plate 
rheometer.  
 
 
 
Fig. 1 Schematic of Rheometer 
 
2.3 Results and Discussions 
 
To see effects of the magnetic field, four uniform magnetic fields of 0, 10, 20, 30[mT] are imposed in the 
vertical direction from the bottom to the up of the magnetic-field±imposed-type cone-plate rheometer. With the 
magnetic field imposed, series experiments are carried out by setting the cone motor at shear rates J  of 2, 4, 6, 8, 
10, 20, 40, 60, 80, 100, 200, 400, 600[1/s], respectively. Figs. 2 show the relations of the measured shear viscosity Ș 
(a) and the first normal stress difference N1 (b) to the shear rate J  respectively for one of the test fluids under 
different imposed magnetic fields. The viscosities of the test MVF have a linear decrease when the shear rate 
increases from zero to a critical value (~200-500), and become a non-linear behaviour. The nonlinear behaviour of 
the viscosities shows that the test MVF are of non-Newtonian fluids.  
The first normal stress differences N1 of the test MVFs have a complicated behaviour. As shown in Figs. 2 (b), 
with the shear rate increasing, the first normal stress differences of the test fluids increase. Moreover, for the test 
MVF, the first normal stress difference is observed to decrease when the magnetic field is imposed and its strength 
is increased. Particularly, the imposed magnetic field causes the first normal stress difference negative at the shear 
rate 10J [1/s], and the stronger the magnetic field, the more negative the first normal stress difference become.  
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(a) Shear viscosity         (b) First normal stress difference 
 
Fig. 2 The shear viscosity and first normal stress difference versus shear rate of PW6-4 
 
3. Lubrication of the MVF in magnetic coupling 
 
 
 
Fig. 3 Experimental setup of lubrication 
 
With the rheological characteristics of the above MVFs investigated, their lubrication performance in the cone-
plate magnetic coupling is examined. Fig. 3 shows the details of the cone-plate magnetic coupling experimental. The 
rheological characteristic has a significant effect on the lubrication performance of the MVFs in the magnetic 
coupling. The measured thrust force that the test fluid acts on the magnetic cone as a function of the rotation speed is 
plotted in Fig. 4. As shown in Fig. 4, for all test fluids, it is found the measured thrust force rises rapidly from the 
rotation speed of 0rpm to 1000rpm, and then gradually decreases when the rotation speed further increases. A 
maximum thrust force exists at the rotation speed of J  = 1000rpm for PAA7500, PW9-1 and PW7-3, and of J  = 
500rpm for PW5-5. Among these maximum values, a largest thrust force of 2.1N is observed at the rotation for 
PW9-1. For PW9-1, the measured thrust force is larger than that PAA7500 in the range of the rotation speed J  
from 750rpm to 1750rpm, and it exceed around 11% in maximum quantity to that of PAA7500. The measured thrust 
forces in the other rotation speed for PW9-1 is smaller than those of PAA7500. For both of PW7-3 and PW5-5, it is 
observed that the measured thrust forces at entire range of the test rotation speeds are always smaller than those of 
PW9-1 and PAA7500. As discussed in Section II, we have confirmed that the higher the shear speed the larger the 
first normal stress difference is. That is to say the thrust increases when the shear speed increases. This conclusion is 
contrasted to the observations from Fig. 4, which the increasing shear speed after J  = 1000rpm leads to the thrust 
decrease. The reason can be attributed to breakup of the balance of the centrifugal force caused by the magnetic 
coupling rotating and the magnetic force generated by the installed ferrite magnets.  The magnetic field is helpful to 
keep the MVFs in the gap of the cone and the partition plate, and can prevent their scattering. However, when the 
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centrifugal force of the magnetic coupling rotation exceeds the magnetic force for keeping the MVFs, the MVFs 
scatter and the volume of the MVFs is reduced. Thus, the measured thrust decreases. The different thrust 
performance of PW9-1 to PW7-3 and PW5-5 is because PW9-1 is less scattered than PW7-3 and PW5-5. 
 
  
 
Fig. 4 Thrust force versus rotation speed 
 
4. Conclusion 
 
Rheological characteristics of different magnetic viscoelastic fluids have been investigated experimentally and 
theoretically, and their lubrication performances in the cone-plate magnetic coupling have been examined in the 
present study. The test MVFs have been shown the non-Newtonian fluid behaviors. Besides this, imposing the 
magnetic field causes the viscosities of the MVFs increases or decreases depending on the mass ratio of the 
magnetic fluid in the MVFs, and in the present experiment, a maximum increase of the viscosity is found at the 
magnetic field of 20mT. The first normal stress difference that the MVFs act on magnetic cone of the rheometer 
decreases with the magnetic field increasing, and it becomes negative at low shear speed, which is totally different 
to the pure viscoelastic fluids. The lubrication experiment in the present produced cone-plate magnetic coupling 
shows that PW9-1 gives a good lubrication behaviour compared to other test MVFs, implying that adding a small 
amount of the magnetic fluids into the viscoelastic liquid improve the lubrication in the magnetic coupling. All the 
MVFs perform well in the range of the shear speed from 750rpm to 1500rpm, at which the balance of the centrifugal 
force caused by the magnetic coupling rotation and the magnetic force generated by the installed ferrite magnets is 
maintained.  There is a significant effect of the balance of the centrifugal force and the magnetic force on the 
lubrication of the MVFs. Detailed investigation of this issue is necessary and will be of course our future work  
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